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Abstract 
In the rainfed semi-arid tropics (SA T) the relatively short gro wing season usually limits the choice 
of cropping systems with groundnut, either to solecrop or intempping systems. This paper 
examines some of  the mechanisms associated with environmental factors that can enable inter- 
cropping systems to outyield sole-crop systems. Temporal intercropping systems, when the 
component crops make their peak demands on resoums at different times, an illustrated with a 
groundnut/pigeonpca system. In this system higher yields from intercropping am associatad with 
a fuller use of environmental resoums over time. Spatial intemropping systems an illustr~ted 
with a 3-year rainy-season study on millet/groundnut. A higher yield from intercropping was 
most notably associated with impro vcd light-energy con version. Drought-stress studies on 
sorghum/groundnut and millet/groundnut showed no stress effkcts on the relative dry-matter 
yield advantages of intercropping, However, relative reproductive yield advantages of intercrop- 
ping increased markedly with stress because the harvest index of sorghum and groundnut 
decreased much less in intemropping than in sole cropping. The importance of nitrogen fixrtion 
in intercropped groundnut and the likely benefits to nonlegume companions or following crops 
rue also discussed. 
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Introduction 
A cropping system growing annual crops is usually 
defined the combination of crops grown on a 
given area within any one year. In humid areas with 
a potentially long growing period, several cropping 
systems may be possible. But in rainfed semi-arid 
areas the possible systems are much more limited. 
With groundnut, a relatively long-season crop that 
usually occupies all or at least the greater part of the 
potential cropping period, there are usually only two 
alternatives: either the groundnut can be grown as a 
single sole crop. or it can be interplanted with other 
crops in an intercropping (or mixed cropping) 
system. 
Despite increasing research attention during recent 
years, intercropping systems are still poorly under- 
stood compared with sole-crop systems, but there is 
considerable evidence that intercropping can often 
provide substantial yield advantages over sole crop- 
ping. Some of the mechanisms that bring about 
these advantages are associated with environmental 
factors. These particular mechanisms and how they 
operate specifically in groundnut intercropping sys- 
tems are considered in this paper. Sole-crop systems 
are considered only where they provide the basis for 
comparison with intercropping systems. 
Use of Environmental Resources 
Probably the most common cause of higher yields 
from intercropping over sole cropping is the improved 
use of environmental resources. Put very simply, if 
component crops in an intercropping system use 
resources differently than when grown together, the 
crops complement each other and make better over- 
all use of resources than when grown as separate sole 
crops. For convenience such complementarity is 
often considered as either temporal or spatial, 
Temporal Complementarity 
Temporal complementarity occurs when compo- 
nent crops make their major demands on resources 
at different times during the season. In groundnut 
systems, this kind of complementarity is particularly 
evident when groundnut is intercropped with long- 
season crops such as cotton, castor, pigeonpea, or, in 
more humid areas, cassava. This kind of combina- 
tion is common in most groundnut areas, although 
management of the system may vary considerably 
7 
according to the relative importance of the compo- 
nent crops. With cotton or castor, which a n  often 
regarded as crucial, relatively high-investment cash 
crops, groundnut is commonly a supplementary 
crop grown with little or no sacrifice of the cotton or 
castor. In contrast. groundnut is usually the more 
important crop in the groundnut / pigeon pea combi- 
nation commonly grown in India. In this system 
groundnut is usually sown as a reasonably full stand 
with only occasional rows or plants of pigeonpea. 
Resource use and productivity in these temporal 
systems is illustrated by some work at ICRISAT 
Center on a groundnutlpigeonpea combination. 
Two-row arrangements, in which pigeonpea was 
grown in rows spaced at 1.2 m and 1.5 m with three 
and five intervening rows of groundnut respectively, 
were examined. Within-row spacings were adjusted 
so that each crop had a plant population equivalent 
to a full sole crop as an attempt to produce high 
yields in each. There was little difference between ths 
two treatments so only mean yields are presel. fi 
here. The groundnut (cv Robut 33-1) was harvested 
at 95 days after emergence (DAE) and the pigeonpea 
(CV ICP I )  at 175 DAE. 
For most of its growing period the dry-matter 
accumulation of intercropped groundnut was only 
about 10-1 5% less than the full groundnut sole crop 
(Fig. IA). At least in the early stages it is unlikely 
that this yield loss was due to competition from the 
pigeonpea, which established very slowly, and was 
probably because compared with sole groundnut, 
the intercropped groundnut was unable to utilize the 
space allocated to the pigeonpea. By final harvest, 
however, yield loss of intercropped groundnut was 
24%. By this stage some of this effect may well have 
been due to pigeonpea competition. Dry-matter 
accumulation of pigeonpea was much more affected 
by intercropping. Yield loss for the first 1 I0 d ranged 
between 40-50%, almost certainly due in part to 
compctition from the groundnut. But in the later 
stages of its growth the intercropped pigeonpea 1 able to benefit from the removal of the ground, 4 
and by final harvest the total dry matter was only 
28% less than sole pigeonpea. Considering the com- 
bined intercropped yield, groundnut produced 76% 
of a full sole crop and pigeonpea 7290, i.e., there was 
an overall dry matter-yield advantage of 48%. Har- 
vest indices were slightly higher in intercropping 
than in sole cropping, so reproductive yields were 
80% and 78%, respectively, giving a yield advantage 
of 58%. This advantage was at a very high level of 
productivity: the intercrop absolute yields were 3287 
kg ha-1 of groundnut and 1 155 kg ha-1 of pigconpea. 
These results are from a single-season experiment, 
but they typify what is possible with this combina- 
tion. A set of multilocational stability experiments 
( 5  locations x 4 years) with the same combination 
gave an average overall advantage of 53%. Other 
workers have regarded the pigeonpea as a supple- 
mentary component: Appadurai and Selvaraj ( 1  974) 
reported a 37% yield of pigeonpea while still main- 
taining 99% groundnut yield; John et al. (1943) 
reported that groundnut i pigeonpea intercropping 
was 43% more profitable than sole groundnut. In 
contrast. in other temporal combinations theground- 
nut has been regarded as the supplementary compo- 
nent. Compared with sole castor. groundnut/castor 
was 62% more profitable (Reddy et al. 1965) and 
32% more profitable (Tarhalkar and Rao 1975). 
Similarly, Joshi and Joshi (1965) and Varma and 
Kanke (1969) have shown significant increases in 
yield and profitability from groundnuti cotton inter- 
cropping compared with sole cotton. 
r he resource-use pattern in these temporal com- mations is exemplified by the light interception 
observed in the ICRISAT groundnut / pigeonpea 
experiment (Fig. I B). In the sole crops, the fairly 
rapidly establishing groundnut reached its maxi- 
mum interception by about 45-50 d, while the much 
slower-growing pigeonpea took until 90-100 d. In 
the intercrops, early interception was as good as sole 
groundnut, which was obviously due to the presence 
of a high groundnut population. At groundnut 
harvest the interception fell to 50-60%, but by virtue 
of the high pigeonpea population, it stayed at a 
reasonable level until pigeonpea harvest. In total, 
therefore, intercropping intercepted more energy 
throughout the season than either of the sole crops. 
The conversion efficiency of total intercepted energy 
into dry matter in intercropping was the same as in 
sole cropping. Thus the higher total dry matter in 
intercropping was produced not by more efficient 
conversion of light, but by greater interception. 
, ':'jhough other resources were not examined in this 
hherirnent, light, water, and nutrients have all been 
examined in detail in a temporal combination of a 
W a y  sorghum with pigeonpea (Natarajan and 
Willey 1979). For all three resources a large yield 
increase in an intercrop was due to the utilization of 
more resources, and not more efficient conversion 
into dry matter. Generally in an intercrop combina- 
tion where there is a large temporal difference 
between the components, the simple effect is that the 
more rapidly growing crop ensures good use of early 
resources, and the slower-growing crop ensures 
good use of later resources. Higher yields arc thus 
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Figure 1. Dry-matter accumulation and light inter- 
ception in groundnut/pigeonpea intercrop. 
produced by the simple process of more complete 
resource utilization over time. 
Spatial Complementarity 
The commonest groundnut intercrop is with a 
cereal. In semi-arid areas, where the cereal is nor- 
mally sorghum or pearl millet, the short growing 
season often means that there is little difference 
between the maturity periods of component crops 
and thus much less scope for the kind of temporal 
complementarity discussed in the previous section. 
Productivity and resource use in these cereal/ ground- 
nut systems is illustrated by some ICRISAT studies 
on a pearl millet/ groundnut combination (Willey ct 
al. 1983). Figure 2A shows a 3-year average for a 
I-row millet/ >row groundnut combination in which nut is the major crop, with several rows of groundll 
within-row spacing for each component was the nuts interspersed between only occasional rows of 
same as in sok crops. Plant populations were then- cereal. The millet was BK 560, harvested at 85 d, and 
fore the same as row proportions, i.e., 25%:75%. the groundnut was Robut 33-1, harvested at 100 d. 
This arrangement is typical of systems when ground- For most of the growing period the groundnut 
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b u r n u l a t i o n  of dry matter was a little less than the 
7546 sole-crop yield expected from the sown propor- 
tion in intercropping; thus groundnut growth was to 
SOW extent suppressed by the presence of millet. 
Towards the end of the season, however, when millet 
was sentsci'ng and was eventually harvested, the 
groundnut was able to recover, and its final yield was 
equivalent to that expected. In effect, final yield per 
plant was the same in intercropping as in sole c r o p  
ping. In contrast, dry-matter accumulation of the 
millet, the more competitive crop, was mom than 
twice its 25% sole crop expected level. and at final 
harvest the yield was 62% of the sole crop. Combin- 
ing these dry matter yields gave an overall advantage 
for intercropping of 36%. For reproductive yields 
the advantage was a little lower (25%) because of 
small decreases in the harvest indices of both crops. 
These results are reasonably consistent with other 
studies that have shown intercropping advantages of 
up to 57% with sorghum (Evans 1960, Rao and 
Yr y 1980, Tarhalkar and Rao 1975), and up to 5 o with maize (Evans 1960, Koli 1975). 
Light interception in this intercropping combina- 
tion showed a pattern intermediate between the two 
sole crops (Fig. 2B). but intercepted energy was con- 
vened into dry matter 23% more efficiently than in 
sole crops. Thus, in contrast to the groundnut/pi- 
geonpea combination, the higher yield in the inter- 
crop was only partly due to the interception of more 
light, but mainly due to more efficient light conver- 
sion. In effect, therefore, this combination must 
have displayed some spatial complementarity between 
the component canopies so that overall conversion 
efficiency was increased. One obvious possibility is 
that the erect C4 millet leaves made efficient use of 
the high light intensities at the top of the canopy 
while the compact C3 groundnut canopy made effi- 
cient use of the lower light intensities in the bottom 
of the canopy. A detailed study that tried to separate 
the light use of the two crops showed that on a 
7 -for-plant basis, intercropped groundnut inter- 
0 less light than the sole crop, but yielded : M d  27Y
the same. It seems likely, therefore, that one of the 
major mechanisms in this particular situation was 
that shading by millet improved overall light-use 
efficiency (LUE) by reducing light saturation in the 
groundnut. 
Examination of water use in these milletlground- 
nut experiments was not very conclusive, perhaps 
partly because the experiments were conducted in 
good rainy seasons when there was little drought 
stress. However, there were indications that the 
increased yields in the intercrop wetc partly because 
of a greater total water use, and partly because of 
reduced evaporation losses. The nutrient-we pat- 
tern was quite clear however, and was similar to the 
groundnut/ pigeonpea combination in that higher 
yields in intercropping wen associated with com- 
mensurately higher nutrient uptake. The implication 
of this greater nutrient uptake may be that higher 
intercropping yields will have to be paid for with 
higher fertilizer inputs. But then is the possibility 
that complementarity between intercrop compo- 
nents, perhaps because of different rooting patterns, 
could allow the uptake of some nutrient resources 
that would not otherwise be used. 
Effects of Environmental Stress 
These millet / groundnut studies were carried out 
under good conditions: the rainfall was adequate 
and the millet component received nitrogen equiva- 
lent to 80 kg ha-1 for a sole crop. Further studies 
examined how the relative advantages of intercrop- 
ping were affected by limited supplies of water 
and/ or nutrients, two factors of crucial importance 
in the rainfed SAT. These studies were also designed 
to determine if the importance of improved light- 
energy conversion observed in the earlier experi- 
ments was at least partly because other resources 
were not limiting. A dry-season experiment (Vora- 
soot 1982) on the same millet/ groundnut system 
examined treatments of low drought stress (irrigated 
every 10 d) and drought stress (irrigated every 20 d) 
factorially combined with low nitrogen stress (80 kg 
N ha-l) and nitrogen stress (0 kg N ha-'). Table 1 
indicates that compared to having a good supply of 
both resources, the relative yield advantage of inter- 
cropping increased slightly if there was lack of either 
water or nitrogen, and it increased even further if 
there was no evidence that improved efficiency of 
light-energy conversion became less important as 
below-ground resources became more limiting. Sim- 
ilarly there was no evidence that an improved water- 
use efficiency (WUE) was affected by the degree of 
drought or nitrogen stress. 
One of the problems with this stress experiment, 
which was laid out in aconventional design, was the 
inability to examine a reasonable number and range 
of moisture regimes. Two subsequent experiments 
examined a range of five moisture regimes by cstab- 
lishing treatments at different distances from a line- 
source system of irrigation sprinklers. The whole 
experimental area wan uniformly irrigated up to 25 
DAE, and thereafter uniform irrigations were given 
Groundnut ( t  hag1) 
h B .  Rep roduc t i ve  y i e l d  
1 2.0 Groundnut  pods ( t  ha' ) 
Moisture regime 
Figure 3. Effect of moisture regime on yields and LERs of a 1-row rorgbum:2-row groundnut intercrop 
(SGG). 
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Table 1. Effects of drougbt &/or nitrogen stress oa yWd advantages and e f k h c y  d mourn me in a dlet/pmdatlt 
& t a m p  eornpvlcd with rdc crops. 
Drought Drought 
No N stress stress stress and 
stress only only N stress 
LER' 1.2 1 1.27 1.29 1.39 
lncreasc in LCE: (q) +I6  +33 +27 + 24 
Increase in WUE"%) +I4 +23 +3 1 +24 
I .  LER = Land-Equivalent Ratio 1c.g. a value of 1.21 reprrscnts an in~crcropping yield advantage of 21411). 
2. LCE = Light-Conversion Eff'icicncy (bused on intempted lie;ht). 
3. WUE Water-Use Efficiency (based on transpired watcr). Sourcc: Vorasoot 1982. 
at 55 and 85 d. Moisture gradients were imposed 
with line source irrigations at 35,45.65.76, and 95 d. 
Averaged over the two experiments, actual water 
received through uhiform irrigations and rainfall 
W-F 286 mm. Water application through the line re rce ranged from 298 mm at the well-watered end 
(SI )  to only I I mm at the stress end (S5). Thus total 
water received ranged from 584 to 297 mm, which 
was equivalent to 64- 33% of open-pan evaporation. 
Three combinations were studied (Natarajan and 
Willey, in press) but only some sorghum/groundnut 
and millet1 groundnut treatments are presented here. 
There were two intercropping treatments with each 
cereal: I -row sorghum or millet 12-row groundnut 
(SGG or MGG), and I-row sorghum or milletl3- 
row groundnut (SGGG or MGGG). Results are 
presented as means of the two experiments. In the 
sorghum/groundnut combination, Figures 3 and 4 
show that total dry-matter yields of the sole crop 
were markedly affected in both crops, ranging from 
very high yields at S1 to very low yields at S5. 
Reproductive yields were even more drastically 
reduced by increased drought stress because of large 
decreases in harvest indices; sorghum harvest index 
decreased from 43% at Sl to 20% at S5, while the 
\parable groundnut decrease was from 34% to @ *y 3%. 
considering the SGG intercrop (Fig. 3), the total 
dry-matter yield of each component remained a 
fairly constant proportion of its sole-crop yield over 
the whole range of moisture regimes. Thus the inter- 
cropped dry matter advantage also remained fairly 
constant at about 10-20% . However, with stress 
increme, the harvest index of each component 
decreased less in the intercrop than in the sole crop 
particularly for the sorghum, so reproductive yields 
in the intercrop were equivalent to an increasing 
proportion of solecrop yields. Consequentiy the 
intercropped advantage for reproductive yields in- 
creased from 14% at SI to 93% at S5. The SGGG 
treatment showed a similar trend as stress increased 
from St  to S3, but the maximum intercropped 
advantage was only 37% (at S3), and this declined 
under greater stress. This declining advantage in the 
severest stress treatments was particularly associated 
with a decrease in the groundnut contribution. In the 
millet systems (Figs. 5 and 6), the harvest index of 
sole millet was only slightly reduced with increased 
stress, and there was no evidence of any change in 
the intercropped millet yield relative to sole-crop 
yield. There was again evidence of greater relative 
advantages of the intercrop with increase in stress, 
but this was entirely due to an increase in the 
groundnut contribution, again attributable to a 
change in harvest index. In the MGGG treatment 
the maximum relative advantage of 78% was at 54, 
in MGGG there was an initial increase of up to 34% 
at S2 but a decline at higher stress levels. 
No measurement of resource use was possible in 
these experiments, so the possible mechanisms respon- 
sible for different magnitudes of yield advantage 
with different degrees of stress can only be com- 
mented on generally. A commonly suggested advan- 
tage of intercropping is that crops may complement 
each other by rooting at different depths, and if this 
utilizes water more fully, it can be argued that this 
effect would be most advantageous when moisture is 
most limiting. There is also some indication that the 
presence of a shallow-root component may force a 
deep-root component even deeper (Natarajan and 
Willey 198 1). The rather surprising feature of these 
results, however, is that increaaed stress did not 
affect total dry matter advantages of intercropping 
but only the reproductive yield advantages. Butthis 
could have occurred because all treatments were well 
watered initially, and stress only buiit up later in the 
A .  Tota l  dry-matter  y i e l d  
1 
Groundnut ( t  h a ' l )  LER 
B .  Reproductive y i e l d  
- 
Groundnut pods ( t  h a ' l )  2.0 
1.6 : "' 
Moisture  regime 
w o n  wben reproductive yields were being formed. nut. This mechanism could help to explain the lower 
This could also explain why the millet, which advantages in the SGGG and MGGG treatments, 
muured much earlier than the other crop, did not because in these treatments the shading effect was 
contribute to this effect. presumably less. It could also perhaps explain the 
A further possible mechanism is that the cereals drop in groundnut contribution and in reproductive 
provided a beneficial shading effect on the ground- yield advantage in the severest stress treatments for 
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SGGG and MGGG because it was in these situations 
that general crop growth was poorest, and thus shad- 
ing was at a minimum. More recent studies (D. 
Harris, University of Nottingham, UK, personal 
communication) have supported this possibility of a 
beneficial shading mechanism by showing lower leaf 
temperatures in intercropped groundnut than in sole 
groundnut. But of course this mechanism cannot 
explain why the sorghum crop also had a higher 
harvest index in intercropping than in sole cropping, 
A .  To ta l  d r y - m a t t e r  y i e l d  
7 - 
and if anything, this component made a somewhl 
greater contribution than the groundnut to the large 
yield advantage under stress. 
The implications of these results are that although 
there is good evidence of some very large intercrop- 
ping advantages under conditions of drought stress, 
these advantages may be specific to particular sys- 
tems in terms of the crops they involve, and the plant 
populations and row arrangements at which they are 
grown. It must be emphasized that in the studies 
M i l l e t  ( t  h a - l )  Groundnut ( t  ha- ' )  
8,\ 
B .  Reproduct ive y i e l d  
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Figure 6. Effect of moisture regime on yielh and LERs of a l-row milletSrow groundnut intercrop (MGGG). 
- sole millet, - - - -intercrop millet, - sole groundnut, 
----. intercrop grouadaut, -- * # *  -total LER. 
reported here, total intercrop populations were 
quivalent to the sole crops, and the population of 
each individual component was therefore only a 
proportion of its sole crop. In this situation there is 
scope for some complementarity between the crops, 
with a given component experiencing less competi- 
tion in intercropping than in sole cropping. How- 
ever, if total plant populations are greater in inter- 
cropping than in sole cropping then increased drought 
stress could lower yields. For example, Fisher (1977) 
suggested that intercropping was advantageous when 
the moisture supply was good but not when it was 
limited, but this was concluded from a maize/ bean 
combination in which total intercrop population 
was higher than the sole crops. 
Symbiotic Nitrogen Fixation 
One of the advantages frequently claimed for inter- 
q 2 P i n g  combinations which include a legume is 
that the nitrogen economy of the system is improved 
because of symbiotic fixation. But there is little prac- 
tical evidence for this because nitrogen effects are 
very often confounded with other competitive or 
complementary interactions between the crops. Also, 
fixation has seldom been measured directly, but has 
usually been inferred from yield responses. How- 
ever, research has produced some guidelines that can 
help assess likely benefits. 
Considering first of all the total amount of nitro- 
gen that an intercropped legume might return to the 
soil, it must be remembered that as with sole crops, 
this depends very largely on how much of the plant is 
removed from the field at harvest. The removal of 
the seed takes off a large amount of plant nitrogen, 
and in the case of groundnuts the haulm is also 
sometimes removed for animal feed. It must also be 
emphasized that intercropped legumes are almost 
invariably partial crops and so cannot be expected to 
" 
or leave in the soil, as much nitrogen as a full sole 
,p. A further factor is that nitrogen fertilizer may 
well be applied to the nonlegume and it is commonly 
suggested that this may decrease fixation. In fact 15N 
studies have shown that virtually no fertilizer nitro- 
gen was taken up by a groundnut row growing only 
30 cm away from a millet row to which a high level of 
fertilizer was applied. This was attributed to the 
much greater competitive ability of the millet to 
forage for soil nitrogen (ICRISAT 1984). However, 
there is considerable evidence that nitrogen applica- 
tion can increase growth, and the competitive ability 
of a nonlegume can reduce growth and presumably 
the amount of fixation of a legume component. An 
important point here is that the rate of fixation 
might be even more susceptible than general growth 
to this kind of competition. Some lCRlSAT studies 
with maizeJgroundnut showed that with un increase 
in the amount of applied nitrogen to the maize, the 
number and weight of nodules per groundnut plant 
decreased more rapidly than the dry-matter yield per 
plant. Similarly, in one of the rainy-season millet/ 
groundnut studies referred to earlier, the amount of 
fixation per groundnut plant (measured directly by 
acetylene reduction) was considerably less in the 
intercrop than in the sole crop even though dry- 
matter yield per plant w u  virtually unaffected 
(Nambiar et al. 1983). The most obvious cause of 
this decreased nodulation and fixation was lower 
light-energy receipts by the groundnut because of 
shading by the cereals, an effect that was measured 
in both studies. The important implication, how- 
ever, is that shaded groundnut intercrops may well 
be fixing even less nitrogen than might be supposed 
from their growth. 
There remains the question of how any fixed nit- 
rogen might benefit the overall intercropping sys- 
tem. It is most commonly supposed that the benefit 
is a direct one to any nonlegume crop actually grow- 
ing with the legume. But the benefit can also occur as 
a residual effect on subsequent crops. Studies with a 
range of legumes have indicated that adirect benefit 
is most likely to occur when the legume is the earlier 
maturity component and thus releases some nitro- 
gen sufficiently early for an associated nonlegume to 
be able to respond. Conversely, when the legume is 
later-maturing, any benefit is more likely to be 
expressed as a residual one on following crops 
(Agboola and Fayemi 1972, Nair et al. 1979). Thus 
groundnut seems most likely to provide a direct 
benefit only to the kind of long-season intercrop 
described earlier. For example, there are reports of 
benefits to castor and cassava intercrop (Reddy et al. 
1965, Khon Kaen University 1977). But ifgroundnut 
is intercropped with cereals, any benefit is more 
likely to be on following crops. This residual effect, 
and some of the other effects discussed above, are 
illustrated by a 3-year maize/groundnut study at 
ICRISAT Center. Sole maize was grown as two 
rows 75 cm apart on a 150-cm bed. This same pattern 
was maintained in intercropping to avoid confound- 
ing spatial arrangement or plant population effects 
with intercropping effects. The groundnut was added 
as two intervening rows. Residual effects wereexam- 
ined on a following sorghum crop to  which four 
levels of nitrogen wen  applied to allow any benefit 
to  be quantified in terms of an equivalent amount of 
applied nitrogen. 
With no nitrogen added the sole maize crop was 
relatively poor (2.19 t ha-I). Adding a groundnut 
intercrop gave a good yield of groundnut (1.17 
t ha-l) in this low-nitrogen situation, but far from 
giving any evidence of nitrogen transfer, then  was a 
net competitive effect by groundnut, and maize yield 
was reduced by 23%. However, this good groundnut 
intercrop provided a bentfit to the following sorghum 
that was estimated to be equivalent to about 20 kg 
ha-l of applied nitrogen. When nitrogen was added 
to the maize the yields of maize were good but 
groundnut was very much suppressed (0.46 t ha-'). 
Emphasizing an earlier point, there was no evidence 
that this poor groundnut intercrop provided any 
benefit either to the maize or to the following 
sorghum. 
Despite the lack of evidence for direct benefit to a 
companion nonlegum'e, there may still be important 
indirect nitrogen benefits because of the presence of 
a groundnut intercrop. In systems where the nonle- 
gume intercrop is grown at a lower plant population 
than a sole crop, there may be a nitrogen benefit 
because, as emphasized earlier (ICRISAT 1984), the 
groundnut is less competitive for soil nitrogen. In 
effect, this means that the nonlegume intercrop may 
be able to obtain more nitrogen per plant than as a 
sole crop. This possibility is supported by a millet/ 
groundnut study in which the intermingling of millet 
and groundnut root systems was prevented by insert- 
ing underground partitions between the crop rows 
(Willey and Reddy 1981). Intercropped millet grow- 
ing between partitions was paler, and presumably 
short of nitrogen, compared with an unpartitioned 
intercrop. In the unpartitioned systems millet was 
able to take up nitrogen from the rows examined by 
groundnut, confirmed more recently with 1JN stud- 
ies (ICRISAT 1984). Thus it seems possible that a 
groundnut intercrop may still indirectly improve the 
nitrogen status of a nonlegume companion crop, 
even where it does not make any fixed nitrogen 
available. This effect could be particularly impor- 
tant in the many semi-arid areas where soil nitrogen 
is extremely low. 
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